Histone acetylation in the kidney of the adrenalectomized rat was increased 5 min after a physiological dose of aldosterone. The increase was exclusively in the histone F2al. The increase in histone acetylation was given by 9a%-fluorocortisol, deoxycorticosterone and cortisol, but not by progesterone. The increase in histone acetylation was abolished by prior treatment of the animals with the anti-mineralocorticoid agent, SC14266 [potassium 3-(3-oxo-17fl-hydroxy-4,6-androstadien-17-yl) propionate]; the basal degree of histone acetylation was unaffected. Pretreatment of the animals with actinomycin D or cycloheximide did not affect the stimulation, showing the stimulation was not due to increased synthesis of enzyme.
Histone acetylation in the kidney of the adrenalectomized rat was increased 5 min after a physiological dose of aldosterone. The increase was exclusively in the histone F2al. The increase in histone acetylation was given by 9a%-fluorocortisol, deoxycorticosterone and cortisol, but not by progesterone. The increase in histone acetylation was abolished by prior treatment of the animals with the anti-mineralocorticoid agent, SC14266 [potassium 3-(3-oxo-17fl-hydroxy-4,6-androstadien-17-yl) propionate]; the basal degree of histone acetylation was unaffected. Pretreatment of the animals with actinomycin D or cycloheximide did not affect the stimulation, showing the stimulation was not due to increased synthesis of enzyme.
In recent years several instances have been found where an increase in histone acetylation has been found before an increase in RNA synthesis occurs. Several groups have shown that phytohaemagglutin treatment ofhuman lymphocytes results in an increase in histone acetylation before an increase in RNA synthesis Mukherjee & Cohen, 1969; Ono et al., 1969; Monjardino & MacGillivray, 1970) , although Ono et al. (1969) demonstrated that in this system cortisol could dissociate the increase in histone acetylation from the increase in RNA synthesis. Monjardino & MacGillivray (1970) found the increase in histone acetylation with one preparation of phytohaemagglutin, butnotwithanotherpreparation, and suggested that histone acetylation might be caused by an impurity in the phytohaemagglutin.
In addition to these results on human lymphocytes Pogo etal. (1968) found increased histone acetylation in the liver remaining after partial hepatectomy and this preceded the increase in RNA synthesis also noted. Allfrey et al. (1966) reported that cortisol administration to adrenalectomized rats caused increases in the acetylation of liver histones and an early increase followed by a decrease in the acetylation of thymus histones. Takaku etal. (1969) reported increased histone acetylation in mouse spleen after erythropoietin administration and Libby (1972b) reported an increase in uterus histone acetylation after oestradiol administration. The kidney of the adrenalectomized rat contains enzymes for the acetylation of exogenous histones, which are stimulated in vitro by mineralocorticoids (Libby, 1972c 
Animals
Adrenalectomized female rats, 75-100g, were purchased from the Charles River Corp., Wilmington, Mass., U.S.A. The animals were shipped 1 day after the operation was performed and were received the next day. The animals were maintained on Purina rat chow and 0.9% NaCl drinking water ad libitum and were used for experiments 3 or 4 days after the operation. Animals were injected intraperitoneally with 0.5 ml of 0.9 % NaCl containing 1 mCi of labelled sodium acetate. When animals were given hormones, 0.01 ml of an ethanol solution of the hormone was added to the solution of acetate in saline; 0.01 ml of ethanol was added to the solution injected into control animals.
Preparation of chromatin and proteins
Animals were killed by cervical dislocation at various times after injection. Kidneys were removed, frozen on solid CO2 and stored at -20°C. Both kidneys from one animal were pooled, thawed and homogenized in a Teflon-glass, Potter-Elvehjem homogenizer with about 10ml of 0.075M-NaCl-0.024M-EDTA, pH8.0 (Bonner etal., 1968) . All procedures were carried out at 0-4°C unless otherwise stated. The homogenate was forced through nylon gauze and centrifuged at 3500rev./min (Sorvall rotor SM-24) for 10min. The pellet was washed once with the above buffer followed by two washes with 0.05M-Tris, pH 8.0. The pellet was then suspended in 1.7M-sucrose and centrifuged at 55000rev./min for 30min in a Spinco Ti 65 rotor. The pellet was washed twice with 0.05M-Tris, pH 8.0, to remove sucrose. Histones and non-histone chromatin proteins were extracted and analysed as previously described (Libby, 1972b) .
Results
Time-course of incorporation of acetate into kidney chromatin proteins Incorporation of acetate into the histones of the kidney is essentially complete within the first 3-5min after intraperitoneal injection. These results are given in Table 1 . This is similar to previous findings on the incorporation of acetate into uterus histones (Libby, 1972b) . In contrast with the incorporation of acetate into histones, the incorporation into non-histone chromatin proteins continues over the course of the experiment (Table 1) . Table 1 , the acetylation of the histone band F2+F3 at 5min was strongly stimulated by the dose of aldosterone. By 20min after the injection the experimental values had returned to control values similar to the situation in the uterus (Libby, 1972b) .
In both the livers of partially hepatectomized rats (Pogo et al., 1968) and in the uterus ofrats treated with oestradiol (Libby, 1972a ) the major effect on histone acetylation was on the acetylation of the histone fraction F2al. Portions of histones from the 5min time-point of Table 1 were subjected to polyacrylamide-gel electrophoresis and the results are shown in Fig. 1 . Obviously aldosterone only affects the acetylation of the histone F2al and has no effect on other histones at this time.
Effect ofaldosterone dose on histone acetylation
Rats were injected with various doses ofaldosterone with the acetate and were killed 5min after injection. Table 2 shows that a dose of 0.034,ug/kg caused a significant increase in the incorporation of acetate into the F2+F3 histone band. Doses of 0.34 and 3.4,tg/kg caused further increases in the incorporation ofacetate, but the dose of34,lg/kg had no further effect. There was no significant effect of aldosterone on the incorporation of acetate into the histone Fl at any dosage (results not shown). Table 1 were subjected to electrophoresis on polyacrylamide gels. Conditions of electrophoresis and analysis are as described by Libby (1972b) . The bars denote the S.D.
Effect ofanti-mineralocorticoid on histone acetylation
The compound SC14266 is a water-soluble spironolactone of high anti-mineralocorticoid activity (Porter, 1968) . Animals were injected with this compound 30min before injection of sodium acetate. For comparison a second group of animals was given either acetate alone or acetate plus aldosterone, but not SC14266 (Fig. 2) . Neither aldosterone, SC14266, nor the combination of the two, had any effect on the acetylation of the histones Fl. Aldosterone caused the anticipated rise in the acetylation of the histone band F2+F3, SC14266 caused a slight decrease in the acetylation of this band and aldosterone did not cause any increase in the acetylation of this histone band in the animals pretreated with the anti-mineralocorticoid.
Effectofantibioticson histone acetylation
Several steroid hormones induce new protein synthesis in their target tissues (Barker, 1967; Rosen & Nichol, 1963; O'Malley et al., 1969) . It is possible Vol. 134 (Libby, 1972b Effect of aldosterone oit the incorporation of acetate into liver histones Aldosterone in high concentrations has glucocorticoid activity (Schuler et al., 1954 ) and the kidney is capable of gluconeogenesis (Cohn et al., 1951) . It was therefore decided to examine the effect of aldosterone on the liver, the other organ concerned with gluconeogenesis but not concerned with salt transport. kidney histones F2 + F3, it has no effect on the incorporation of acetate into the liver histones.
Effect ofother steroids onz histone acetylation in kidnzey Several other adrenalcortical steroids also possess mineralocorticoid activity, as do some synthetic steroids. little or no mineralocorticoid activity and this hormone has no effect on histone acetylation in the kidney.
Discussion
The above results show that one ofthe early actions ofaldosterone on the kidney is to increase the acetylation of one histone fraction in the kidney chromatin. Similar results have been reported for two other steroid hormone target tissues, the liver and the uterus. Libby (1972b) reported that oestradiol causes an early and transient increase in uterine histone acetylation reported that cortisol increased the amount of acetate incorporation into liver histones 15 min after injection. In addition, cortisol causes an increase in histone acetylation in the cortisol-sensitive lymphosarcoma P1798, but has no effect on histone acetylation in the resistant strain, P1798R (P. R. Libby, unpublished work). Two recent reports partially confirm our observations on the aldosterone effect on the kidney. Trachewsky & Lawrence (1972) found a rise in histone acetylation 15min after hormone administration, an effect which was somewhat later than that which we found (Table  1) ; however, these workers used much higher doses of aldosterone (1 mg/rat). Liew et al. (1972) investigated the acetylation of kidney histones at later timeperiods after aldosterone treatment. At 45min after administration (the earliest time examined), aldosterone stimulated the incorporation of acetate into the histone fraction F3. Since this time is approaching the time when aldosterone has gross effects on sodium Vol. 134 transport in the rat kidney (Fimognari et al., 1967) , it is likely that the stimulation of acetylation of the histone F3 is a late effect of aldosterone. All of these observations suggest that a general effect of steroid hormones on target tissues may be to increase the extent ofacetate incorporation into the histones ofthe target-tissue chromatin.
In any event, the results above demonstrate that the increase in histone acetylation in kidney chromatin is a true physiological, mineralocorticoid effect of aldosterone. Thus this effect is given by physiological doses of aldosterone and only a slight additional effect is apparent when animals are given much higher doses. It is given by other steroids with potent mineralocorticoid activity, but not by progesterone at a comparable dose. The experiments with the anti-mineralocorticoid agent SC14266 show a specific inhibition of the specific increase in histone acetylation caused by aldosterone, since there was no effect on the incorporation of acetate into the histone Fl under any circumstance and no effect on the incorporation of acetate into the histone band F2+F3 in animals not treated with aldosterone; there was only an inhibition of the stimulation which aldosterone caused in the incorporation of acetate into the histone band F2+F3 (Fig. 2) .
The mechanism or mechanisms by which aldosterone causes this change in the histone acetylation are at present unknown. The experiments given in Table 3 probably rule out the possibility that this is a case of rapid enzyme induction. Although both actinomycin D and cycloheximide pretreatment lowers the basal extents of incorporation of acetate into histones (an effect noted also in the uterus by Libby, 1972b) , they are unable to suppress the stimulation caused by a 5min treatment with aldosterone. Since both protein synthesis and RNA synthesis were almost completely inhibited in the kidney we feel that there is no possibility of the synthesis of a specific enzyme.
A second mechanism for such an increase is an aldosterone-mediated increase in the nuclear pool of acetyl-CoA. I am inclined to rule this out on the basis of the results presented in Fig. 1 and Table 1. All histone fractions are acetylated, as well as the non-histone chromatin proteins, and although the c-amino groups of lysyl groups of Fl histones are apparently not acetylated (Candido & Dixon, 1972) , several workers have observed the incorporation of acetate into the histones Fl of several tissues Pogo et al., 1968; Shepherd et al., 1972; Libby, 1972b) . Since aldosterone affects only the acetylation of the histone F2al, the effect of aldosterone on pool size does not seem to be important. These results are not conclusive, however, since the possibility remains that the enzyme which acetylates the histone F2al is not saturated with acetyl-CoA under normal conditions, but an increase in pool size due to aldosterone causes an increase in acetylation. The presence of at least two histone acetokinases in rat kidney with different specificities has been reported (Gallwitz, 1971) , but Michaelis constants were not measured. In this laboratory, we have studied three histone acetokinases from calf uterus with different specificities for histones, but with approximately the same Km values for acetyl-CoA (S. Harvey & P. R. Libby, unpublished work), suggesting that similar results are possible in rat kidney.
The third possibility is that aldosterone directly stimulates the histone F2al acetokinase in the kidney nucleus. There is some evidence that this possibility might be the correct one. Kidney cytosol contains a histone acetokinase activity, which is stimulated by physiological amounts of aldosterone in vitro (Libby, 1972c) . This stimulation showed certain characteristics similar to those shown above, in that other mineralocorticoids (deoxycorticosterone, 9oc-fluorocortisol and cortisol) also caused stimulations in vitro and incubation in the presence of aldactone, another spironolactone, abolished the stimulation, but had no effect on the basal values. On this basis I suggest that aldosterone directly stimulates a histone acetokinase, which causes the increased acetylation in vivo detailed above. Such an increase in histone acetylation may lead to a greater template capacity of the kidney chromatin; Allfrey et al. (1966) demonstrated such an effect of histone acetylation. Increased template capability may lead to the synthesis of a new species of RNA and increased RNA synthesis and increased protein synthesis has been implicated in the action ofaldosterone on kidney (Congote &Trachewsky, 1972; Castles &Williamson, 1965; Fanestil & Edelman, 1966) , as well as in the action of oestrogen on the uterus (Hamilton, 1968) .
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